The extra-cardiac sites of action of strophanthin-K, quinidine and procaine amide have been investigated by injection of varying doses into the third ventricle of unanesthetized dogs. A profuse autonomic nervous system discharge was produced. Strophanthin-K produced a paroxysmal ventricular tachycardia resulting in death by ventricular fibrillation. Such effects could be blocked by prior intraventricular injection of either quinidine or procaine amide or by intravenous administration of he.xamethonium.
The extra-cardiac sites of action of strophanthin-K, quinidine and procaine amide have been investigated by injection of varying doses into the third ventricle of unanesthetized dogs. A profuse autonomic nervous system discharge was produced. Strophanthin-K produced a paroxysmal ventricular tachycardia resulting in death by ventricular fibrillation. Such effects could be blocked by prior intraventricular injection of either quinidine or procaine amide or by intravenous administration of he.xamethonium. I latest knowledge regarding central nervous system control of cardiac function has been summarized by Weinberg 1 . The importance of centrally mediated effects has not been appreciated and emphasis has been placed on the myocardium. The effects of cardiac glycosides, quinidine and procaine amide on the heart are well known, but evidence suggests that one of the principal sites of action of the glycosides may be elsewhere than on the myocardium itself 2 . This may also be true for the other drugs. It is not possible to derive satisfactory conclusions concerning centrally mediated effects by the experimental use of muscle strips, isolated organs or anesthetized animals because of the absence of, or the suppression of the central nervous system. However, it may be possible to separate the central and peripheral effects by the introduction of drugs into the third ventricle of trained unanesthetized dogs. METHODS Twenty-five normal mongrel dogs of both sexes weighing 7.8 to 19.5 kg. were anesthetized with sodium pentobarbital, 35 mg/kg., intravenously. An indwelling metal cannula was inserted through a trephine hole and attached to the skull. The cannula extended into the third ventricle and it was ixissible to obtain a sample of cerebro-spinal fluid upon aspiration. Each dog received 600,000 U of repository penicillin intramuscularly and the animals were used a week later in the unanesthetized state. All third ventricle injections were made via a polyethylene tube attached to the cannula. The total volume injected per dose was 0.5 ml. except in the case of the 100 mg. dose of procaine amide where the volume was 1.0 ml. The intraventricular drug doses were: strophanthin-K, 0.02 to 0.55 mg.; quinidine sulfate, 5 to 50 mg.; and procaine amide, 50 to 100 mg. Intravenous injections were made via the anterior subcutaneous vein of the foreleg using the doses stated in the text. The electrocardiograms were obtained with a Sanborn Viso-Cardiette using Lead II. Table 1 gives typical results obtained by the different routes of administration with all of the drugs, indicating the time intervals for the appearance of the various effects.
RESULTS

Effects of Str<yphanthin-K and Quinidine Alone
The intraventricular injection of 0.02 mg. of strophanthin-K in an animal produced characteristic extrasystoles followed by paroxysmal ventricular tachycardia, whereas intravenous administration of 1.5 mg. eight days later produced no such electrocardiographic changes. The electrocardiographic changes after third ventricle injection were not related to the solvents used because they were not observed after intraventricular injection of 0.5 ml. of 0.9 per cent normal saline or propylene glycol.
Third ventricle injection of 10 mg. of quinidine sulfate produced paroxysmal ventricular tachycardia, rate 260, with alternation, fol- ill! : : 1 : lowed by a diminishing sinus tachycardia. Immediate secondary effects included retching, defecation, urination, nystagmus, respiratory depression and almost complete general anesthesia. Complete recovery followed and the animal showed no after effects. Fig. 1 gives typical electrocardiograms obtained with both drugs.
Quinidine-Stroplianthin-K Antagonism
Intraventricular injection of quinidine sulfate in doses ranging from 5 to 50 mg. in five experiments produced paroxysmal auricular tachycardia with rates varying from 205 to 280. Subsequent intraventricular injection of either 0.25 or 0.5 mg. of strophanthin-K failed to induce the characteristic strophanthin-K arrhythmia. However, in all cases, the secondary effects were quite marked. One animal given 50 mg. of quinidine sulfate intraventricularly developed a paroxysmal ventricular tachycardia, rate 380, with transitory alternating upper nodal extrasystoles followed by a declining rate. The usual symptoms of toxicity were observed with the addition of mydriasis, buccal mucous membrane blanching and general anesthesia approximating Stage III, Plane II with corneal reflexes still present. Intraventricular injection of 0.5 mg. of strophanthin-K resulted in the characteristic ventricular tachycardia, rate 230, but the duration was only two minutes. Thereafter, the pulse slowed to 140 with regular sinus rhythm. However, a complete A-V block ensued and the animal expired from respiratory failure. This series of experiments demonstrated the suppression of the characteristic strophanthin-K electrocardiographic pattern by prior administration of quinidine sulfate. Fig. 2 gives a typical record.
In five control experiments in which quinidine sulfate, 10 to 100 mg., and strophanthin-K, 0.5 mg., were given intravenously, no toxic symptoms or abnormal changes in the electrocardiogram were observed. However, a transient bradycardia was observed with 1 mg. of strophanthin-K.
In two experiments an attempt was made to stop the centrally induced strophanthin-K effect with intravenous quinidine sulfate. The characteristic strophanthin-K arrhythmia was only slightly modified by two 250 mg. doses of quinidine sulfate and ventricular fibrillation and respiratory paralysis occurred quickly. When 800 mg. of quinidine sulfate was given in five equal doses, over a longer time interval, the paroxysmal ventricular tachycardia reverted to a sequence of regularly alternating unifocal ventricular extrasystoles, sinus tachy- Fia. 2. Effect of Strophanthin After Quinidine. Quinidine sulfate, 50 mg. intraventricularly after control record, followed by strophanthin-K, 0.S mg., 30 minutes later. Time sequence of records was 0, 13, 30, 40, 42 and 48 minutes respectively. cardia, rapid nodal tachycardia, alternating flutter, fibrillation and finally a rapid sinus rhythm. A reduction in rate was finally brought about by the injection of 120 mg. of pentobarbital. Respiratory failure was not observed probably because of the slower rate of administration of the quinidine sulfate.
Procaine Amide-Strophanthin-K Antagonism
Three experiments were performed in which procaine amide in doses of 50, 100 and 100 mg. respectively, were injected intraventricularly, followed one-half hour later by either 0.05 or 0.5 mg. of strophanthin-K. In each experiment the characteristic strophanthin-K paroxysmal ventricular tachycardia was prevented by prior administration of procaine amide. However, in one experiment a modified strophanthin effect consisting of irregularly occurring sinus pauses, then sinus tachycardia, followed by alternating ventricular extrasystoles was seen. These were stopped immediately by 60 mg. of pentobarbital intravenously. The generalized side-effects of intraventricular procaine amide were limited to nystagmus, defecation, slight twitching of the facial musculature and Stage III Plane II anesthesia. Furthermore, the procaine amide reduced the side-effects usually observed after strophanthin-K administration. The marked apprehension, convulsions, and exophthalmus did not occur and the muscular tremor was minimal. However, mydriasis, moderate nystagmus, salivations and tonic dorsal spasm of the neck musculature were seen. Where only 0.05 mg. of strophanthin-K was given death was delayed eighteen hours. Respiratory failure occurred sooner with the 0.5 mg. dose. Fig. 3 gives a typical electrocardiogram.
When the characteristic arrhythmia was induced by intraventricular administration of 0.4 mg. of strophanthin-K, the intraventricular injection of 100 mg. of procaine amide 30 minutes later quieted the animal, but death occurred in six hours. The usual strophanthin side-effects were not greatly modified.
In a control experiment in which 100 mg. of procaine was given intravenously, there were no electrocardiographic changes or secondary effects on the animal.
In two experiments an attempt was made to stop the centrally induced strophanthin-K effect with intravenous procaine amide, 75 mg/kg. Intraventricular injection of 0.05 mg. of strophanthin-K produced, within 5 minutes, SA node depression with the pulse rate dropping from 100 to 60, together with bigeminal normal beats. The Q-T interval was not altered, but T wave reversal occurred. Mydriasis, defecation and salivation were observed. No further electrocardiographic changes occurred during the next one-half hour so the animal was given 0.175 mg. of strophanthin-K, whereupon the rhythm became one of alternating ventricular extrasystoles, rate 108. After intravenous procaine amide, a sinus rhythm, rate 160, appeared within 6 minutes of the completion of the injection. The animal, previously in tremor with profuse salivation and lateral nystagmus, became quiet although he continued to have the tremor, salivation, mydriasis and mucous membrane pallor. The ±ki: J-LL1L rrtr Wr i i i m Fio. 3. Effect of Strophanthin After Procaine Amide. Procaine Amide, 100 mg. intraventricularly after control record, followed by strophanthin-IC, 0.5 mg., 30 minutes later. Time sequenco of records wns 0, 5, 15, 30, 40 and 60 minutes respectively. side-effects ceased after intravenous injection of 120 mg. of pentobarbital, but the sinus tachycardia persisted. Similar results were obtained with the second animal although the heart rate reached a higher level. In both cases, death was due to respiratory failure.
Hexamethonium-Stro'phanthin-K Antagonism
If the cardiac abnormalities observed after third ventricle injection of strophanthin-K were centrally induced, it should be possible to return the heart to a normal rhythm by interrupting the autonomic pathways involved. Under the conditions of our experiments, it appeared that this could best be accomplished by the intravenous administration of a ganglionic blocking agent. In two dogs, normal rhythm was reestablished by the intravenous administration of approximately 15 to 20 mg/kg. of hexamethonium chloride while in a third animal 37.3 mg/kg. was required, see Figure 4 for a typical record. The results indicate that hexamethonium interrupted the flow of impulses to the myocardium set in motion by the intraventricular injection of strophanthin-K. Paton and Zaimis* have pointed out that the ganglionic blockade produced by hexamethonium in the unanesthetized dog will abolish cardiac arrhythmia, but a tachycardia similar to that seen after sympathectomy will be present. We also observed a tachycardia in our unanesthetized dogs. However, there was a gradual reduction in this chronotropic effect and a return to a rate comparable to the pretreatment control value prior to death. Whether or not hypoxia played a part in this latter effect cannot be determined with the information presently available. On the other hand, it is unlikely that the return to normal rhythm could be attributed to a central action of hexamethonium because Paton and Zaimis' have reported that this drug has a very slow entry into the cerebro-spinal fluid whereas its peripheral ganglionic blocking effect occurs extremely rapidly. Furthermore, hexamethonium must have blocked transmission of impulses through the superior cervical ganglia and the submaxillary ganglia because the mydriasis and salivation observed immediately following the intraventricular injection of strophanthin-K disappeared. Paton and Zaimis 1 have shown that these ganglia are among the most easily blocked of all those affected by hexamethonium.
•iii •-w :i-S -ili'T"" :::r r" Fro. 4. Effect of Hexamethonium on Strophanthin Arrhythmia. Control record followed by 0.5 mg. of strophanthin-K intraventricularly, then 20 mg/kg. of hexamethonium chloride intravenously 7 minutes later. Time sequence of records was 0, 3, 11 and 19 minutes respectively.
Discussiox
The proof that the cardiac irregularities, observed after third ventricle injection of strophanthin-K, are centrally mediated is fourfold: 1) The rapidity of onset, two to three minutes, would hardly allow enough time for diffusion of sufficient concentration of the drug from the ferobro-spinal fluid into the systemic circulation 2) Intravenous injection of the same sire total dose, 0.25 to 0.5 mg., produced no alteration in cardiac rhythm whereas a dose jf 1.0 mg. produced a transient bradycarrh* instead of a paroxysmal ventricular tachycardia. 3) Intraventricular administration of either quinidine sulfate or procaine amide prior to strophanthin-K modified or blocked the usual cardiac effects of the latter. 4) Intravenous hexamethonium produced a reversion to normal rhythm by blocking sympathetic transmission at the ganglia. Furthermore, as Korth et al 4 had shown earlier, barbiturate anesthesia abolished the strophanthin-K induced cardiac irregularity.
Cardiac irregularities observed clinically have many causes, one of -which is related to the use of cardiac glycosides and it has been pointed out by Gold 6 and Zapata-Diaz et al 6 that the use of quinidine in such cases was of questionable value and could be dangerous. Our results with intravenous quinidine would support their contention concerning the questionable value of this drug in such instances.
Fox et al 7 observed a ventricular tachycardia and ventricular fibrillation following intravenous procaine amide in a patient with Wolff-Parkinson-White syndrome. Their records closely resemble ours and indicate that caution should be exercised in the employment of procaine amide in cardiac conditions, particularly those in which cardiac glycosides have been used.
The type of electrocardiographic changes seen after intraventricular strophanthin-K or procaine amide, irregularly occurring sinus pauses, appear to be similar to those included in de Boer's 8 grouping of the Luciani pauses and similar to those periods known to occur in digitalis toxicity. SUMMARY Injection of strophanthin-K into the third cerebral ventricle of trained unanesthetized dogs produced cardiac irregularities including bigeminy, trigeminy, bradycardia, tachycardia, ventricular extrasystoles and paroxysmal ventricular tachycardia. Intravenous injection of equal or larger doses of this drug in the same or other dogs had little or no effect on the electrocardiogram.
Injection of quinidine sulfate into the third cerebral ventricle of trained unanesthetized dogs produced paroxysmal auricular tachycardia, nodal and ventricular extrasystoles and paroxysmal ventricular tachycardia. Under the same conditions, the intravenous injection of equal or larger doses of the drug caused little or no electrocardiographic changes.
The arrhythmic effect from intraventricular injection of strophanthin-K was prevented or modified by prior intraventricular injection of either quinidine sulfate or procaine amide.
Intraventricular injection of either quinidine sulfate or procaine amide produced Stage III Plane II anesthesia.
The arrhythmic effects of intraventricular strophanthin-K may be terminated or modified by intravenous quinidine sulfate, procaine amide or sodium pentobarbital. They can be entirely blocked by intravenous hexamethonium chloride.
The centrally induced cardiac effects of strophanthin-K and quinidine sulfate are accompanied by autonomic manifestations resembling those seen in cases of clinical digitalis and quinidine toxicity. 
